Psychoacoustics research has been contributed on evaluating the timbre of acoustic signals. The Fluctuation Strength (FS) has been respected as the important index which describes the sensory fluctuation of the acoustic signal based on its amplitude, frequency and the combination of them as well. Although FS has been calculated by tremor components on acoustic signals, here points out not only the inappropriateness of the calculation when simply based on literatures but also a method which focuses on the shape of the waveform in order to extract parameters from it, so that the FS is newly calculated by our original method with estimation results of the subjective scores of sensory fluctuation. Signals dealt with are motorbike exhaust sounds and tremolo played by marimba. The developed method is then applied to the design of an electric vehicle approaching sound for pedestrians in order to let pedestrians notice the approaching car without rising up the sensory loudness, on which designed sounds have a fluctuation with irregular pulses proven to give us the sensory fluctuation so that it is expected to be noticeable for pedestrians. This paper discusses the possibility to apply the prestigious psychoacoustic indexes to industrial and artistic sounds.
INTRODUCTION
Psychoacoustic criteria play an important role for the evaluation of sound quality in general. The fluctuation strength (FS), one of the psychoacoustic criteria, was firstly established by Terhardt [1] , who explained that the train of impulse with longer temporal intervals elicits the sensation of FS (where shorter intervals may elicit roughness [2] ). The FS is a numerical representation of sensory fluctuation, and calculations thereof are currently available on several devices and software (ONO-SOKKI, WS-5160, a Matlab code [3] , and so forth). Recently several attempts with use of calculated FS has been conducted under various purposes, such as the quality evaluation of engine noise [4] , feature extraction from musical audio [5] , sound quality analysis of sewing machines [6] and so forth. Nonetheless, the calculation method of the FS has been under discussion [7] [8] [9] , since the original literature of FS explained that certain acoustical parameters only take part in the sensory fluctuation. This was defined by the results of listening experiment using sinusoidal sounds with sinusoidal modulation in terms of amplitude and/or frequency. Namely, the theoretical explanation of fluctuation strength was more or less for a relation of acoustic profile with sensory judgments for fluctuation, not for to establish the calculation methods of FS at all. Thereafter the calculation method of FS to apply to real sounds has been extensively studied by acoustic researchers. This paper is located on one of them, and gives topics concerning the application of FS and calculation method thereof, by introducing a set of real sounds including certain fluctuations, together with an alternative method for the calculation of FS. Our method employs a set of features of acoustical signal when evaluating the FS, and the validity of the parameter in terms of evaluating the FS is discussed. The sounds targeted here were marimba tremolo and motorbike exhausting noise, which were found to have a shape on amplitude envelope similar to that of a sine wave whose amplitude was modulated (amplitude-modulated sine wave, or AM SIN), firstly employed on the original literature [1] . The FS for marimba tremolo and motorbike exhaust sound are calculated by our new method, with an agreement to subjective rating of FS.
CALCULATION OF FLUCTUATION STRENGTH
As mentioned above, the current calculation model for FS was based on a basic psychoacoustic phenomenon, which was established using pure tones with simple sinusoidal modulations. The models are appreciated in our study since they clarified the basis of the sensory fluctuation strength. Therefore a lot of attempts have been conducted to calculate the FS directly from audio. These attempts, however, encountered in a difficulty, that researchers obtain a discrepancy between the sensory fluctuation and obtained amount of fluctuation when using the current methods, that is, the obtained amount of fluctuation was not a complete representation of sensory fluctuation. Therefore, we concluded that the conventional calculation models are not enough to calculate FS, so we need to design an alternative method for calculation of FS. Moreover, the models of current psychoacoustic criteria were in somehow established on a simple condition, or simplification of real sound, whereas the real sounds always have deviations from the simplified even though it has a strong agreement to the simplified. The point what we need to assess is that the current calculation process have not been designed to cope with the deviation of the sounds and that is the motivation of our method to calculate FS.
A second fluctuation exploited by mandolin tremolo
Our previous study dealt with the mandolin tremolo as the first target to calculate FS, where we assumed the tremolo of mandolin was an example of fluctuating sounds. The irregularity of plucking on mandolin tremolo was focused to be a ground to vary the sense of fluctuation, and by observing the irregularity we developed a procedure for calculating FS [10] . Let us explain the point of the method. Unlike the AM sounds used in the studies [1, 2] , the modulation period and modulation depth of a tremolo produced with a mandolin are not constant while playing a musical note because of the irregularity in plucking that occurs as a result of the musician's technique or performance skill. Furthermore, we put a challenging hypothesis that a tremolo produced by plucking is modeled as an AM sound whose amplitude envelope is modulated, since both onset and amplitude deviations occur in that amplitude envelope. We define a "mechanical performance" as a completely constant performance in terms of time and amplitude. The tremolo is therefore interpreted as to include deviations from a mechanical performance.
According to the necessity to distinguish the different type of fluctuation, we named the fluctuation of the tremolo elicited by only the average plucking rate the "1st fluctuation" and that elicited by onset and amplitude deviations the "2nd fluctuation". The onset deviation means deviation from the mechanical onset time, defined as a completely constant inter-onset interval, i.e., the average plucking rate. The amplitude deviation means deviation from the mechanical amplitude defined as completely constant amplitude at the onset time, where the completely constant amplitude is defined as the maximum level of amplitude. An outline of onset and amplitude deviations is shown in Fig. 1 .
We developed a procedure for calculating FS of tremolo with the 1st and 2nd fluctuations by using the extracted feature parameters for these fluctuations. The contribution of 1st and 2nd to the FS is still unclear, so we need to investigate it. The investigations were conducted using synthesized sounds instead of tremolos from actual performances, because most mandolin players are unable to control completely the 2nd fluctuation of their actual performance as required. Actual performances were therefore not appropriate for use in this investigation. Instead, we synthesized tremolos with various 2nd fluctuations by maintaining a progression tendency of the onset and amplitude deviations in time. We named a synthesized tremolo "imitated tremolo".
By conducting a multiple regression analysis by employing the sensational fluctuation as response variable and feature parameters as explanatory variables, the procedure based on not only the 1st fluctuation but also the 2nd fluctuation was revealed to approximately represent the sensation of hearing fluctuation (adjusted R 2 = 0.76), and was better than the result obtained using a procedure based on conventional methods (R 2 = 0.58). Thus, the procedure is thought as appropriate to calculate FS compared to conventional method in a certain extent. However, this investigation used only the tremolo by irregular plucking mandolin, another tremolo or actual noise given by constructions and/or traffics have not yet been employed. 
A third fluctuation exploited by marimba tremolo
The our previous procedure [10] can calculate FS from tremolo produced with a mandolin, whilst it is still unclear whether or not the procedure can apply to not only mandolin tremolo but also other tremolos and actual noises as well. The shape of amplitude envelope basically affect the evaluation for the sensation of hearing fluctuation, but the shape on mandolin tremolo vary so little that the influence was not clear from our mandolin study [10] .
To discuss the methodology to calculate sensational fluctuation strength based on recorded audio, another tremolo, marimba tremolo was examined, since the shape of acoustic waveforms of marimba tremolo is not constant if the player uses different stiffness of mallet. These sound waveform of marimba tremolo could have not only a constant fluctuation (1st fluctuation) but also both onset and amplitude deviations (2nd fluctuation), since marimba tremolo was performed by a musician as well as mandolin tremolo so the mechanical deviation is almost impossible. Moreover, the shape of amplitude envelope on sound waveform of marimba tremolo depends on the stiffness of mallet, and it is expected to give another sensation of fluctuation. Thus, we newly need to take the shape into consideration in order to correctly calculate FS. The feature parameters for the shape of the amplitude envelope of a pulse on tremolo are designed, such as acoustic power, normalized acoustic power, fluctuation depth for rising and falling, slope for rising and falling, duration for rising and falling, and spectral centroid. These parameters are thought to yield sensational fluctuation, and the fluctuations based on the parameters are newly named as "3rd fluctuation".
We first calculated the feature parameters for the 1st and 2nd fluctuations proposed in our previous study [10] and the new parameters for the 3rd fluctuation on the basis of the features of shape of amplitude envelope. We then conducted a subjective experiment to obtain evaluation results for the sensation of hearing fluctuation.
Subjective ratings for sensory fluctuation are then estimated using parameters obtained by principal component analysis. Specifically, as well as our previous study [10] , multiple regression analysis was conducted to calculate FS using subjective evaluation results as response variables and all principal components as explanatory variables. Then, we investigated the validity of the procedure by comparing estimation accuracy of calculation procedure based on conventional method [1, 2] with estimation accuracy of our procedure based on the 1st, 2nd and 3rd fluctuations.
Parameters: Simple parameters based on conventional methods [1, 2] Fluctuation component based on conventional methods [1, 2] are designed. A fast Fourier transform (FFT) of the acoustic signal was performed to obtain the power spectrum. A weighted band-pass filter (BPF) between 1-20 Hz was used to omit signals of other regions of the converted signal. The weighted BPF was obtained from the experimental results of Fastl's [1] and Zwicker & Fastl's [2] study, which refers to the sensation of hearing fluctuation for AM SIN. We performed an inverse fast Fourier transform (IFFT) on the results of the weighted BPF, and the root mean square (RMS) of the obtained waveforms was calculated. We called the RMS as the "Estimated score using a simple procedure".
Parameters: 2nd fluctuation parameters [10] Onset and amplitude deviations were extracted from acoustic signal, the onset and amplitude deviations labeled as "x 1,k " (k = 1 ~ N) or " x 2,k " respectively, where k represents the identification number of the onset time and N represents the total number of impulse on tremolo (might be the strokes on tremolo). The moving average of each deviation was then conducted respectively. Next, feature parameters for the 2nd fluctuation p 2,i,j (i = {1,2}, j = {0,1,2,3,4} ) were obtained using Eqs., in Table 1 , where j represents the ID of these feature parameters. Here, x i represents onset deviation (i = 1) or amplitude deviation (i = 2),
x , represents the deviation trend curve for each deviation. 
Parameters: 3rd fluctuation parameters
The times when the maximum and minimum envelopes around every period were estimated from marimba tremolo sound waveform to obtain onset and offset time. Then, nine features, such as acoustic power, normalized acoustic power, fluctuation depth for rising and falling, slope for rising and falling, duration for rising and falling and spectral centroid were extracted on each waveform among offset times. Next, four statistical amounts, such as average (AVE), standard deviation (SD), the fluctuation range of those features (DL), and sum (SUM) of absolute amounts of change on those features were calculated. Therefore the 36 feature parameters in total for the 3rd fluctuation p 3, l,m (l = {1,2,..,9}, m = {1,2,..,4} ) were obtained (nine extracted features, and four kinds of amount of statistics). The p 3, l,m are listed in Table 2 . An outline of six features for shape of envelope, such as the fluctuation depth for rising and falling, the slope for rising and falling, the duration for rising and falling is shown in Fig. 2 .
EVALUATION OF FS FOR MARIMBA TREMOLO
To develop a novel procedure for calculating FS from a marimba tremolo with 1st, 2nd and 3rd fluctuations, the outcomes of the procedure should be in agreement with subjective evaluation by people, so the evaluation results for the sensation of hearing fluctuation are necessary. We conducted an experiment using the magnitude estimation method, and obtain the magnitude of fluctuation strength to each marimba tremolo. We then infer the FS from tremolos, and we can investigate the validity of the procedure by comparing estimation accuracy of calculation procedure based on conventional method [1, 2] with estimation accuracy of our procedure based on the 1st, 2nd and 3rd fluctuations. These investigations were conducted using the imitated tremolo as our previous study did [10] . In synthesis, tremolos with different shape of amplitude envelope produced by mallets different with stiffness were employed. 
Fluctuation depth for falling FIGURE 2. An outline of six features for form of envelope
Synthesis of Marimba Tremolo
As described before, marimba tremolos with various 2nd and 3rd fluctuations are necessary. We synthesized tremolos with various 2nd and 3rd fluctuations by maintaining a progression tendency of the onset and amplitude deviations in time and using each of different mallets of stiffness. Thus, we synthesized imitated marimba tremolo using pseudo down-stroke sounds by left and right hand respectively, where these pseudo sounds were synthesized by interpolating a harmonic sound with envelopes extracted from real single stroke sounds produced on a marimba. The change of shape of marimba tremolo was conducted by the change of mallet, i.e. the change of stiffness of mallet. Specifically, onset and amplitude deviations (x 1,k and x 2,k ) were extracted from an real marimba tremolo. Then, these deviations were suppressed or exaggerated using the feature exaggeration [11] . These suppressed or exaggerated deviations were then set into pseudo single stroke sounds, which were alternately conjoined.
Experimental condition
To obtain the subjective ratings for sensory fluctuation from imitated tremolos with the 1st, 2nd and 3rd fluctuations, we conducted subjective evaluation experiment with three listeners in a soundproof room.
Stimuli were a total of 27 imitated tremolos with onset and amplitude deviations (3 deviation patterns for the onset deviation * 3 deviation patterns for the amplitude deviation * 3 types of mallet). Mallets used were different with stiffness, such as those of very soft (M1007R-VS), medium (M1004R-M), or very hard (M1004R-VH) mallets. All of them are made by Barock music Co., Ltd.
The three listeners were asked to rate the magnitude of sensory fluctuation by the magnitude estimation method. Pairs of stimuli were presented to the listeners and listeners were asked to rate, in each trial, the magnitude of the sensory fluctuation of the second stimulus relative to the first in the pair, by selecting a number denoting the ratio of the magnitude. The sensory fluctuation of the first stimuli was set as to be 100. A stimulus with no deviation was chosen as the first stimulus of each pair.
The stimuli were presented to the listeners through a pair of earspeakers. Electrostatic earspeakers (SR-303, STAX Ltd.) and an amplifier (SRM-313, STAX Ltd.) were used for the experiment. Before the experiment, each listener was allowed to adjust the acoustic sound level to one that best enabled him or her to listen to the amplitudemodulated sounds. The average level was about L A = 52.4 dB.
Multiple Regression Analysis for Marimba Tremolo
Multiple regression analysis was conducted to estimate the sensory fluctuation. In the analysis, the results of magnitude estimation reported was used as the response variable, and parameters obtained by principal component analysis for the estimated score using a simple procedure and the feature parameters for the 2nd and 3rd fluctuations were used as explanatory variables. The parameters for fluctuation depth for rising and falling, slope for rising and falling, duration for rising and falling were used as the feature parameters for the 3rd fluctuation.
The R 2 and adjusted R 2 are calculated. In "SP", we used parameters obtained using only estimated score using the simple procedure. In "SP & 2nd", we used parameters obtained using the estimated score and the feature parameters for the 2nd fluctuations. In "SP, 2nd & 3rd", we used all parameters obtained using the simple procedure and all feature parameters. The adjusted R 2 in "SP, 2nd & 3rd" is 0.76, that in "SP&2 nd " is 0.68, and that of "SP" is 0.19.
EVALUATION OF FLUCTUATION FOR MOTORBIKE EXHAUST SOUND [12]
The method to use 3rd fluctuation on estimating FS shows better agreement to the subjective judgment, the variation of shape of sound waveforms were limited. To extent the feasibility of the method which uses 3rd fluctuation, we need to examine another real sound. The motorbikes' exhaust sounds were employed here, which was also under the hypothesis that the shape of envelope of acoustical waveform is similar to the amplitudemodulated sound, but unlike the marimba tremolo, its shape of each pulse differ among them. So the motorbike exhaust sound is thought as appropriate to evaluate the validity of the FS calculation method proposed. The flow to evaluate the method is more or less same with the one on marimba tremolo. We again need the evaluation results for the sensory fluctuation. We conducted two experiments under condition (i) and (ii), where conditions (i) is for various 2nd fluctuations for a motorbike, and condition (ii) is for various motorbikes, or 3rd fluctuation, for a specified 2nd fluctuation. The condition (i) is for the validity assessment of 2nd fluctuation on motorbike sound, and (ii) is for the one of 3rd fluctuation as well. Then FS estimation is done and the agreement of it to subjective evaluation is examined, by comparing estimation accuracy of calculation procedure based on conventional method [1, 2] with estimation accuracy of our procedure based on the 1st, 2nd and 3rd fluctuations. These investigations were conducted using the synthesized exhaust sounds as our previous study did [10] .
Synthesis of Exhaust Sound
Same as the experiment of marimba tremolo, we need various 2nd and 3rd fluctuations. To cover various patterns, we also synthesize the motorbike explosive sounds. Same as the experimental design of marimba tremolo, we use various patterns of shape for a fixed 2nd fluctuation, and various patterns of 2nd fluctuation for a fixed 3rd fluctuation. We use the pseudo explosive sounds, where these pseudo sounds were synthesized by interpolating a pink noise with envelopes extracted from actual explosive sound.
Here, synthesized exhaust sound used actual explosive sound is called "simulated exhaust sound", whilst the sound used pseudo explosive sound is called "imitated exhaust sound". To synthesize imitated exhaust sounds with various 3rd fluctuations, various pseudo explosive sounds with envelope of actual explosive sounds produced by different motorbikes were used. Specifically, as well as synthesizing imitated marimba tremolo, onset and amplitude deviations were extracted from an acoustic signal recorded, and these deviations were suppressed or exaggerated. These suppressed or exaggerated deviations were set into actual/pseudo explosive sounds, which were alternately conjoined. Then, because it sometimes happened that duration on actual/pseudo explosive sounds set exaggerated deviations is shorter than Inter-Onset Interval (IOI) on actual exhaust sound, the forward-linear-prediction was conducted for explosive sounds, where optimum order of Linear Prediction Coefficient (LPC) were decided based on Akaike Information Criterion (AIC). A procedure for synthesizing imitated exhaust sound is shown in Fig. 3 .
To obtain the subjective rating for sensory fluctuation from simulated/imitated exhaust sounds with the 1st, 2nd and 3rd fluctuations, we conducted two subjective evaluation experiments with five listeners in a soundproof room.
Experimental method for condition (i)
Stimuli were a total of 32 simulated exhaust sounds with onset and amplitude deviations on each explosive sound (4 deviation patterns for the onset deviation * 4 deviation patterns for the amplitude deviation * 2 types of motorbikes). Used motorbikes were GrassTracker (SUZUKI MOTOR CORPORATION) and SR400 (Yamaha Motor Co., Ltd.). In this experiment, we used the magnitude estimation method. Pairs of stimuli were presented to the listeners. The listeners were asked to estimate, in each trial, the magnitude of the hearing fluctuation of the second stimulus relative to that of the first stimulus in the pair, by selecting a number reflecting the ratio of the magnitude, assuming the hearing fluctuation of the first stimuli to be 100. A stimulus with no deviation was chosen as the first stimulus of each pair. The stimuli were presented to the listeners through a pair of earspeakers. Electrostatic earspeakers (SR-303, STAX Ltd.) and an amplifier (SRM-313, STAX Ltd.) were used for the evaluation. Before the experiment, each listener was allowed to adjust the acoustic sound level to one that best enabled him or her to listen to the amplitude-modulated sounds. The average level was about L A = 53.0 dB.
FIGURE 3. Procedure for synthesizing imitated exhaust sound

Experimental method for condition (ii)
Stimuli were a total of 54 imitated exhaust sounds with onset and amplitude deviations on each explosive sound (3 deviation patterns for the onset deviation * 3 deviation patterns for the amplitude deviation * 6 types of motorbikes). Used motorbikes were not only GrassTracker and SR400 but also CB400ss, FTR (Honda Motor Co., Ltd.), SEROW250 and WR250X (Yamaha Motor Co., Ltd.). For each specified 2nd fluctuation, these sounds were synthesized based on the method described above. The levels of acoustic power of the stimuli were equalized.
The experiment was carried out using the method of Scheffe's paired comparison. For each specified 2nd fluctuation, pairs of stimuli were presented to the listeners. The two stimuli were presented one immediately after the other, and listeners were asked to subjectively rate roughness on a seven point scale. The stimuli were presented to the listeners through a pair of earspeakers same as the experiment described in above. Before the experiment, each listener was allowed to adjust the acoustic sound level to one that best enabled him or her to listen to the amplitude-modulated sounds. The average level was about L A = 52.1 dB.
Multiple Regression Analysis for Synthesized Exhaust Sounds
In condition (i), multiple regression analysis was conducted to estimate the sensation of hearing fluctuation. In the analysis, the results of magnitude estimation reported was used as an objective variable, and parameters obtained by principal component analysis for the estimated score using a simple procedure and the feature parameters for the 2nd fluctuations were used as explanatory variables. As a result, the adjusted R 2 between the evaluation results and scores obtained by using all principal components as parameters based on both the 1st and 2ndfluctuation (adjusted R 2 = 0.61 for GrassTracker, adjusted R 2 = 0.72 for SR400) are higher than the R 2 between the evaluation results and scores obtained by using only the estimated score using a simple procedure (R 2 = 0.34 for GrassTracker, R 2 = 0.48 for SR400). So, we found that our procedure [10] correctly calculated FS, which was consistent with the study for the mandolin tremolo.
In condition (ii), multiple regression analysis was conducted, in which the results obtained using the method of Scheffe's paired comparison was used as an objective variable, and parameters obtained by principal component analysis for the estimated score using a simple procedure and the feature parameters for the 3rd fluctuations were used as explanatory variables. FS from the exhaust sound is calculated under 4 conditions, Simple Procedure (SP), Specified Features (SF), Specified Statistics (SS) and All Parameters (AP). For condition SP, the estimated score using a simple procedure was used as an explanatory variable. For condition SF, parameters obtained using the feature parameters for the 3rd fluctuations on one of features, for example p 3, 1, m (m = 1~4), were used as explanatory variables. For condition SS, parameters obtained using those on one of statistics, for example p 3rd l, 1 (l = 1~9), were used as explanatory variables. For condition AP, parameters obtained using all those were used as explanatory variables. The R 2 and adjusted R 2 calculated for each condition are shown in Fig. 4 , where the adjusted R 2 for condition SF and AP are higher than the R 2 for condition SP. 
DISCUSSION
On this paper the possibility of calculating FS from acoustical signal is discussed. To calculate FS correctly, the 2nd and 3rd fluctuations are to be taken into account, as our works show by using mandolin tremolo, marimba tremolo and motorbike exhaust sounds. The phenomena are interesting from a theoretical viewpoint, since we introduce a novel aspect of fluctuation sound signals, i.e., the fluctuation spectrogram extracted from sound waveform. Namely, the fluctuation spectrogram is obtained from the waveform given by the envelope of sound waveform, and onset deviation of the AM signals, demonstrated by deviation of mandolin plucking or so, is interpreted as an FM (Frequency Modulation) of the envelope waveform of the original. This might be a new aspect of acoustical signal with the fluctuation phenomena, since we have little knowledge for the feature of fluctuation spectrum; alternatively we have plenty of knowledge for waveform such as fundamental frequency, virtual pitch, harmonics of fundamental frequency, and so forth. If we establish the methodology of fluctuation frequency in general, we may clarify the effect of the "higher" fluctuations and finally we will be able to calculate FS more precisely. Although some studies claim the usefulness of psychoacoustic criteria, there are several attempts to clarify the quality of sound based on psychoacoustic criteria. Here we place the psychoacoustic criteria as an important factor of getting knowledge in terms of psychological viewpoint from acoustical waveform, below we discuss the possibility of FS to apply for real acoustics.
An important topic for the FS is effect on timbre, since the timbre is a classical and important aspect of the sound, and the effect of FS to the timbre perception is still unclear. The speculations of it are for the effect to the sound impression of annoyance, activity, and then valence response for the sound. Since the fluctuating sound are observed on iterating motions of machines, such as motor car and motor bike engines, propeller equipped machines, or production of repeating pulses such as tremolo on musical instruments which can only quickly attenuating tones, such as most of plucking instruments, drums, or so. The fluctuations produced by them may produce sensory fluctuations, and then elicit the FS on people. Thereafter, it is not surprising that the FS may affect to the impression of the sound more or less. For example, if we think about the preferences of motor sounds by fanatic fans of motor vehicles, such as for Ferrari or Halley-Davidson for example, there is a reasonable possibility that the fluctuating impression's effect. On thinking it we can refer the thankful result of the original paper [1] , which is the FS may elicit much when the fluctuation frequency are within 4-8 Hz. The reason why this area is felt as a large amount of fluctuation than out of the range is still unclear. The 2nd and 3rd fluctuation component included on real sound have not discussed well, so that the investigation of real sound is expected to be done.
The noticability effect is a state-of-the-art phenomenon of fluctuations [13] . Intuitively it is not surprising that the fluctuating sound is more noticeable than constant sound, even if the fluctuation sound is behind the background noise. The sense of something moving on the background noise is remarkable for listeners, which may give us both noticability and annoyance, but in other cases it may concern to the preference, aesthetics, and so forth, of the sound. To think about the noticability and other impressions, we also need to clarify the relation of impressions, such as "noticeable sound will be felt as more aesthetic", or "aesthetics sound will be more noticeable" and so forth.
Musical effect is an important aspect of fluctuation phenomenon. Generally musical instruments have some restrictions on performances, and use of attenuating sound is representative of it. When players play instrument whose sound is attenuating, they may produce iterating sound when continuing sound is necessary. In that case players produce tremolo, roll, or so, and it elicits sensory fluctuation. The tremolos on plucked instruments, keyboard instruments, percussion instruments, drums, and in some cases the wind instruments on repeating tones, such as horn, trumpet, flute and so forth, are the examples of it. Singings also produce fluctuations on vibrato. The aesthetic evaluation is thought as basis of the quality of musical signal. But little knowledge of the contribution of iterated sound to the perception of aesthetics. So in near future the effect of tremolo, roll, will be discussed.
CONCLUSION
This paper presents a novel procedure for calculating FS from real acoustical signals. We introduce novel parameters, 2nd and 3rd fluctuations, which were revealed to contribute to the estimation of sensational fluctuation.Experimental results for the validation of the proposed method shows that the procedure based on not only the simple parameters but also the 2nd and 3rd fluctuation parameters approximately calculate FS. Furthermore, the possible applications of FS in real sounds are discussed, especially for timbre, noticability, and aesthetic evaluations. In future work, we plan to calculate FS in various sounds extensively, such as other noises and musical signals as well, and to discuss the precise condition of the current investigations, by examining based on various 1st fluctuation frequencies and the interaction among parameters and so forth. The noticability of the fluctuation sound will be discussed more, especially for the quality of sound by doing subjective impression experiments. FS of more real sounds are to be evaluated and to develop alternative method for calculating will be conducted.
